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Method and apparatus for producing colour conversion table 



(57) Apparatus having a target colour characteristic 
description table (1) which stores the relationship be- 
tween input colour data erf a target colour outpufappa- 
ratus and the colour value of a colour output therefrom, 
a reproduction colour characteristic description table (2) 
which stores the relationship between input colour data 
of a reproduction colour output apparatus and the colour 
value of a colour output therefrom, data value conver- 
sion means (8) for converting data values of input colour 



data to data values of black corresponding to the repro- 
duction colour output apparatus, and evaluation means 
(5) for comparing colour value data of the target colour 
output apparatus with respect to input data and colour 
value data of the reproduction colour output apparatus 
corresponding to input data that includes the converted 
black data values, whereby post-conversion colour data 
values are computed from the comparison results of the 
evaluation means (5) to thereby produce a colour con- 
version table. 
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Description 

The present. invention relates to a method andean 
apparatus for producing a colour conversion table for 
use in performing colour conversion of data of a col- 
oured picture. 

When colour printing is performed using a digital 
colour printer it is known to perform simulation of typo- 
graphical printing. That is, with digital colour data of cyan 
(C) ( magenta (M), yellow (Y) and black (K) that are gen- 
erally used in typographical printing, it is possible to es- 
timate the finished print or check the contents of the 
printing without actually preparing a form of the printing 
or performing actual printing by a printing machine. 

However, ordinarily, a reproduction colour itself is 
not obtained with mere printing performed by the digital 
colour printer. This is because the colour of ink used for 
typographical printing and the colour obtained by colour 
mixing are generally different from the colour printed by 
the digital colour printer, with respect to the same colour 
data. In view of this, if it is desired to obtain a specific 
reproduction colour when using a digital colour printer, 
a method involving colour conversion of the input colour 
data is used so as to obtain the same reproduction col- 
our when typographical printing has been performed 
based on the colour data used. It is known to perform 
such .colour conversion by referring to a colour conver- 
sion table. 

Fig. 2 illustrates the implementation of a method of 
colour conversion which uses a colour conversion table. 
Reference 10 denotes a-host computer whtcrTprepares 
and edits digital colour data used in the typographical 
printing. Reference 11 denotes colour data memory 
means which stores therein the colour data. Reference 
1 2 denotes colour conversion means which converts the 
colour data that has been input. Reference 13 denotes 
a colour conversion table used by the colour conversion 
means. Reference 14 denotes a digital colour printer 
which performs colour printing using the post-colour- 
conversion data. The colour data prepared and edited 
by the host computer 10 or the colour data stored in the 
colour data memory means 1 1 is sent to the colour con- 
version means 12. Usually, colour data is composed of 
( c ). (M) ( (Y) and (K) components. The colour conversion 
means 12 converts the (C), (M), (Y) and (K) colour data 
to (C), (M'), (Y*) and (K') data so that the printed-oolour 
correspondence may hold true when printing in the dig- 
ital colour printer 14 takes place. In the colour conver- 
sion table 1 3 there are stored predetermined output val- 
ues with respect to possible input values. That is, the 
output values have been determined considering the 
characteristic of the target typographical printing and the 
characteristic of the digital colour printer used in print- 
ing. 

In the colour conversion table, although the values 
with respect to all input values may be prepared previ- 
ously, rt is usual to store a reduced number of values so 
as to decrease the memory capacity required. Interpo- 



lation processing is then conducted when referring to 
the colour conversion table. Thus, when printing the col- 
our data (C). (M') t (Y') and (K') with the digital colour 
printer 14, there are obtained the same colours as those 
s which are obtained when plating or typographical print- 
ing has been performed using the initial (C), (M), (Y) and 
(K) colour data. 

Next, a method of producing the above-described 
colour conversion table will be explained. Here, an ex- 
10 planation will be given of the case where each of the 
input and output of the colour conversion is composed 
of, for example, three components such as (C), (M) and 
(Y). Fig. 3 is a block diagram illustrating a conventional 
method of producing the colour conversion table. Ref- 
*5 erence 1 denotes a target colour characteristic descrip- 
tion table which describes the relationship between the 
input colour data of a target colour output apparatus and 
the colour value of a colour output therefrom. Reference 
2 denotes a reproduction colour characteristic descrip- 
20 tion table which describes the relationship between the 
input.colour.data of a reproduction colour output appa- 
ratus and the colour value of a colour output therefrom. 
Here, the target colour output apparatus is an apparatus 
whose colour is the target with respect to which colour 
25 coincidence is to be made. It is for example, a printing 
machine. Also, the reproduction colour output appara- 
tus is an apparatus wherein actual colour printing is per- 
formed and is, for example, a digital colour printer. As 
the colour value there is used, for example, a CIE 1 976 
^0 (L*a*b*) which is well known as a uniform colour space. 
The target colour characteristic description table 1 or re- 
production colour characteristic description table 2 can 
be produced by directly measuring with a colorimeter 
the colour that is output from the target colour output 
3S apparatus or reproduction colour output apparatus. Al- 
so, the table 1 or 2 can be produced also by computing 
the measured colour values with the use of a theoretical 
formula such as a Neugebauer equation. 

Reference 3 denotes an address generating means 
40 a for generating an address value with respect to the 
target colour characteristic description table 1 . Refer- 
ence 4 denotes an address generating means B for gen- 
erating an address value with respect to the reproduc- 
tion colour characteristic description table 2. Reference 
45 5 denotes evaluation means for performing an evalua- 
tion on the basis of the colour values from the target 
colour characteristic description table 1 and reproduc- 
tion colour characteristic description table 2. Reference 
6 denotes determination means for performing a deter- 
so mination on the basis of the results of the evaluation 
means 5. Reference 7 denotes colour conversion table 
data memory means in which there is stored predeter- 
mined computed colour conversion table data. 

Through the use of control means not illustrated, the 
55 address generating means 3 generates the (C), (M) and 
(Y) values used as the input values of the colour con- 
version table while sequentially looping these values. 
The target colour characteristic description table 1 
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sends to the evaluation means 5 the colour values cor- 
responding to the (C), (M) and (Y) values generated 
from the address generating means 3. Also, the control 
means causes the address generating means 4 to gen- 
erate all (C), (M) and (Y) combination values corre- 
sponding to the input of the reproduction colour charac- 
teristic description table 2 with respect to one set of (C) 
(M) and (Y) values generated from the address gener- 
ating means 3. The reproduction colour characteristic 
description table 2 sends to the evaluation means 5 the 
colour values corresponding to the (C), (M) and (Y) val- 
ues generated from the address generating means 3 
The evaluation means 5 compares the colour values ob- 
tained from the target colour characteristic description 
table 1 and those obtained from the reproduction colour 
characteristic description table 2. It performs an evalu- 
ation based on this comparison. In the evaluation meth- 
od, there is computed the colour deference AE'ab that 
is obtained by the square root of the sum of the differ- 
ences between the respective corresponding values of 
for example, two sets of (L*, a*, b*). The determination 
means 6 performs a determination based on the output 
of the evaluation means 5 and selects one set of colour 
values of the reproduction colour characteristic descrip- 
tion table 2 that are the nearest to the colour values ob- 
tained from the target colour characteristic description 
table ! . In the determination method, there are selected, 
for example, the colour values which give a minimum 
colour difference A E*ab value determined by the eval- 
uation means 5. Next, the colour data values (C), (M') 
and (Y') which give the eoiour values 'selected by the 
determination means are stored in the colour conver- 
sion table data memory means 7. That is, the values 
stored are post-conversion values of the (C), (M) and 
(Y) values of the colour conversion table obtained from 
the address generating means 3. The above-described 
operation is performed while sequentially looping- the 
(C) ( (M) and (Y) values generated from the address gen- 
erating means 3. As a result, in the colour conversion 
table data memory means 7 there is produced the colour 
conversion table necessary for colour conversion. 

Incidentally, although an explanation has been giv- 
en of the case where the address generating means 4 
generates all combination (C), (M) and (Y) values cor- 
responding to the input of the reproduction colour char- 
acteristic description table 2 with respect to one set of 
(C), (M) and (Y) values generated from the address gen- 
erating means 3; if the same results are obtained, the 
address generating means 4 is not required at all times 
to generate all combination (C), (M) and (Y) values. 

As explained above, in the case where the input of 
the reproduction colour characteristic description table 
2 is composed of three parameters such as (C), (M) and 
(Y); since a particular colour is determined by a single 
combination of (C), (M) and (Y), it is possible to deter- 
mine optimum values of (C), (M) and (Y) by the deter- 
mination means. 

However, in the case where the input of the repro- 
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duction colour characteristic description table 2 has four 
parameters such as (C), (M), (Y) and (K) t the combina- 
tion of optimum (C), (M), (Y) and (K) values with respect 
to a particular colour is not singularfy determined and 
s many combinations are inconveniently obtained. For 
this reason, there is the problem that it is impossible to 
determine a single optimum value from the conventional 
colour values. 

The present invention has been made with a view 
to to mitigating the above-described problems. 

According to the present invention there is provided 
an apparatus for a colour conversion table production 
apparatus for producing a colour conversion table for 
use in converting input data corresponding to a target 
75 colour output apparatus and consisting of respective 
values for four colours including black to data consisting 
of respective values of the said colours corresponding 
to a reproduction colour output apparatus; the colour 
conversion table production apparatus comprising: 

a. target colour characteristic description table 
means which stores the relationship between input 
colour data of the target colour output apparatus 
and the colour value of a colour output therefrom, 
a reproduction colour characteristic description ta- 
ble means which stores the relationship between in- 
put colour data of the reproduction colour output ap- 
paratus and the colour value of a colour output 
therefrom, 

data value conversion means for converting data 
values of input colour data to data values of black 
corresponding to the reproduction colour output ap- 
paratus, and 

evaluation means for comparing colour value data 
from input data corresponding to the target colour 
output apparatus with colour value data corre- 
sponding to the reproduction colour output appara- 
tus from the input data thereof including the black 
data values from the data value conversion means, 
whereby post-conversion colour data values are 
computed from the comparison results of the eval- 
uation means to thereby produce a colour conver- 
sion table. 
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43 Embodiments of the present invention will now be 
described by way of example only and with reference to 
the accompanying drawings, in which :- 

Fig. 1 is a block diagram illustrating a method of pro- 
ducing a colour conversion table according to the 
present invention, 

Fig. 2 illustrates colour conversion performed by re- 
ferring to a colour conversion table. 
Fig. 3 is a block diagram illustrating a conventional 
method of producing a colour conversion table, 
Fig; 4 illustrates an embodiment of data value con- 
version means according to the present invention, 
Fig. 5 illustrates another embodiment of the data 



so 



55 



5 



EP 0 877 525 A1 



6 



value conversion means according to the present 
invention; and 

Fig. 6 is an explanatory view of GCR. 

Fig. 1 is a block diagram illustrating a colour con- s 
version table production method according to the 
present invention. Reference 1 denotes a target colour 
characteristic description table. Reference 2 denotes a 
reproduction colour characteristic description table. 
Reference 3 denotes address generating means A for 10 
generating an address value with respect to the target 
colour characteristic description table 1 . Reference 4 
denotes address generating means 8 for generating an 
address value with respect to the reproduction colour 
characteristic description table 2. Reference 5 denotes is 
evaluation means. Reference 6 denotes determination 
means and reference 7 denotes colour conversion table 
data memory means.. The constituent components de- 
scribed thus far are substantially the same as those of 

pig- 3. 20 

Reference 8 denotes data value conversion means 
for converting the values of data (K) or (C), (M), (Y) and 
(K) of input data to the value of data (K) that corresponds 
to a reproduction colour output apparatus. Reference 9 
denotes a conversion reference table to which reference 25 
is made when performing data value conversion by the 
data value conversion means 8. 

In Fig. 1 , having regard to the (C), (M), (Y) and (K) 
values generated from the address generating means 3 
according to the control of control means; the target col- 30 
our characteristic description table 1 sendsndThe' eval- 
uation means 5 colour values corresponding to the (C), 
(M), (Y) and (K) values. Also, the target colour charac- 
teristic description table 1 sends the data values of (K) 
or (C), (M), (Y) and (K) to the data value conversion 
means 8. The data value conversion means 8 produces 
a black data item (K') from the values of the target colour 
characteristic table according to the (K) or (C), (M), (Y) 
and (K) values by referring to the conversion reference 
table 9. The control means causes the address gener- 
ating means 4 to generate, with respect to one set of 
(C), (M), (Y) and (K) values generated from the address 
generating means 3, all combinations of (C), (M) and 
(Y) values corresponding to the input of the reproduction 
colour characteristic description table 2. 45 

The reproduction colour characteristic description 
table 2 sends to the evaluation means 5 the colour val- 
ues corresponding to the (C), (M) and (Y) values gen- 
erated from the address generating means 4 and the 
(K 1 ) value converted by the data value conversion so 
means 8. These colour values are compared with each 
other in the evaluation means 5, whereby comparison 
and evaluation are made as in the case of Fig. 3. Further, 
the determination means 6 makes its determination 
based on the output value of the evaluation means and ss 
thereby selects one set of colour values (C), (M 1 ) and 
(Y') of the reproduction colour characteristic description 
table 2 as in the case of Fig. 3. 
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The control means causes the colour conversion ta- 
ble data memory means to store therein the colour data 
values (C), (JvV) and (Y 1 ) selected by the determination 
means and the (K 1 ) converted by the data value conver- 
sion means 8. They are stored as post-conversion (C), 
(M), (Y) and (K) values of the colour conversion table 
obtained from the address generating means 3. 

The control means performs the above-described 
operation while looping sequentially the (C), (M), (Y) and 
(K) values generated - from the address generating 
means 3. As a resurt, a colour conversion table is pro- 
duced in the colour conversion table data memory 
means. 

Next, a method of converting the colour data of (K) 
in the data value conversion means 8 will be explained. 
First, the case where the conversion reference table 9 
is one-dimensional will be explained. 

Fig. 4 illustrates an embodiment of the data value 
conversion means according to the present invention. 
The value of (K) in the target colour characteristic de- 
scription table 1 of Fig. 1 is converted in the data value 
conversion means 8 to (K 1 ) by referring to the conversion 
reference table 9. As a method of producing a one-di- 
mensional conversion reference table 9, for example, 
the lightness of the colour value of the colour data K of 
black corresponding to the target colour output appara- 
tus is made to correspond with the lightness of the colour 
value of trjg^ojgjjr^^^ 

reproduction colour output apparatus, l a this case, first, 
£ e --9^ia*k3nq3a^ 

blacklsjsn^^ the target colour output ap- 

paratus and reproduction colour output apparatus: This 
grad ation pat tejrjTjTasjts_ colours measured to jh ereby 
obtakLColour values. It is not necessary to print the gra- 
dation pattern with regard to all obtainable values of 
each of \he\oq and (K ( ) values. It is sufficient th at the 
gradation Ja e^printed and colour measured at suiteoT e 
i ntervals and the remaining gradation values can be de- 
termined bv interpolation. Thereafter, with respect to the 
respective values of (K) of the target colour output ap- 
paratus, determination is made of the correspondence 
of the values of (K') of the reproduction colour output 
apparatus enabling the procurement of equal lightness- 
es. The results are recorded in the conversion reference 
table 9. In the embodiment of the one-dimensional con- 
version reference table 9, where the black of the target 
colour output apparatus and the black of the reproduc- 
tion colour output apparatus are not completely achro- 
matic colours and there is a difference in hue and chro- 
ma between the both blacks; colour reproduction is 
done with (C*), (M 1 ) and (Y") being added to (K 1 ). This 
results in that even when lightness correspondence 
holds true with regard to only the (K') value. alone, the 
lightness decreases due to the addition thereto of (C), 
(IvT) and (Y' ; ). This has the result that a change occurs 
in the direction in which the difference in hue or chroma 
between the blacks decreases. Therefore, when trying 
to evaluate and determine at a minimum colour differ- 
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ence, there inconveniently occurs a case where opti- 
mum evaluation is done even when lightness corre- 
spondence does not sufficiently hold true. Therefor 
theco nyefsion reference table 9 of ftp and (K'T^ybT 
produced Iwnn the value of (K') b.i^^T^^ s 
than anorma, value, e.g., a\alu fi whiTh h on^j^p^ 
m orderlo-reave room for adjustment of the huT^hToTm^ 
and lightness obtainable with (C), (M) and (Y) compo- 
nents. v ' K 

Next, a case where the conversion reference table w 
9 is four-dimensional will be explained. 

Fig. 5 illustrates another embodiment of the data 
value conversion means according to the present inven- 
tion. The values of (C), (M), (Y) and (K) in the target 
colour characteristic description table 1 of Fig. 1 are con- is 
verted in the data value conversion means 8 to (K') by 
referring to the conversion reference table 9 At this 
time, the conversion reference table 9 becomes a four- 
dimensional table because the output value of (K') is de- 
termined by the four values (C), (M), (Y) and (K). A meth- 20 
od of producing the four-dimensional conversion refer- 
ence table 9, for example, uses the data value of black 
that is obtained with the use of a GCR (= Grey Compo- 
nent Replacement, replacement of the grey component) 
technique in colour separation that is well known in the 2s 
field of printing. Fig. 6 is an illustration of the GCR In 
the GCR, with regard to the (C), (M) and (Y) values 
parts of their respective minimum values are replaced 
by the (K) value and the original (C). (M) and (Y) values 
are decreased by the values corresponding to the re- 30 
placed values. On this aecount.-according to the repro-* 
duction colour characteristic description table describ- 
ing colour values with respect to the reproduction colour 
output apparatus, these values are converted once to 
(C), (M) and (Y) values and then a (K) component is fur- as 
ther produced using the GCR technique. This value of 
(K) is obtained with respect to each combination of the 
input values (C), (M), (Y) and (K) of the reproduction col- 
our output apparatus. Therefore, the resulting values 2 
can be used as the four-dimensional conversion refer- 40 
ence table 9. 

It is to be noted that in the method of producing the 
conversion reference table 9 if the value of (K') is appro- 
priate, it need not be limited to the above-described 
method. For example, the value of (K') may be aptly de- 
termined from empirical knowledge or the like. Also, al- 
though the above explanation has been given with "the 
case where (L*. a', b*) are used as the colour values 
other colour values, e.g. (L*, u*. V), (X, Y, Z) or the like 
may be used. 

As has been described above, according to the 
present invention, in the case where the reproduction 
colour output apparatus makes its colour reproduction 4 
with the use of four colours, it is possible to produce the 
colour conversion table easily and highly precisely. ss 
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1 . A colour conversion table production apparatus for 
producing a colour conversion table for use in con- 
verting input data corresponding to a target colour 
output apparatus and consisting of respective val- 
ues fortouY colours, including black to data consist- 
ing of respective values of the said colours corre- 
sponding to a reproduction colour output apparatus- 
the colour conversion table production apparatus 
comprising: 

a target colour characteristic description table 
means (1) which stores the relationship be- 
tween input colour data of the target colour out- 
put apparatus and the colour value of a colour 
output therefrom, 

a reproduction colour characteristic description 
table means (2) which stores the relationship 
between input colour data of the reproduction 
.. colour output apparatus and the colour value of 
a colour output therefrom, 
data value conversion means (8) for converting 
data values of input colour data to data values 
of Waek corresponding to the reproduction col- 
our output apparatus, and 
evaluation means (5) for comparing colour val- 
ue data from input data corresponding to the 
target colour output apparatus with colour value 
data corresponding to the reproduction colour 
output apparatus from the input data thereof in- 
cluding the black data values from the data val- 
ue conversion means (8), 
whereby post -con vers ion colour data values 
are computed from the comparison results of 
the' evaluation means (5) to thereby produce a 
colour conversion table. 

A colour conversion table production apparatus as 
claimed in claim 1, characterised in that the data 
value conversion means (8) converts data values 
of black <8ata of the input data by referring to a one- 
dimensionai conversion reference table (9). 

A colour conversion table production apparatus as 
claimed in claim 2, characterised in that the conver- 
sion reference table (9) is produced from the colour 
values of black colour data corresponding to the tar- 
get colour output apparatus and the colour values 
of colour data corresponding to the reproduction 
colour output apparatus. 

A colour conversion table production apparatus as 
set forth in claim 1, characterised in that the data 
value conversion means (8) converts cyan, magen- 
ta, yellow and black input data to black data value 
by referring to a four-dimensional conversion refer- 
ence table (9). 
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A colour conversion table production apparatus as 
claimed in claim 4, characterised in that the conver- 
sion reference table (9) is produced from a black 10 
data value obtained using a GCH technique in print- 
ing from the amount of ink with respect to cyan, ma- s 
genta, yellow and black data values corresponding 
to the reproduction colour output apparatus. 

A method of producing a colour conversion table for 
use in converting input data corresponding to a tar- w 
get colour output apparatus and consisting of re- 
spective values for four colours including black to 
data consisting of respective values of the said col- 
ours corresponding to a reproduction colour output 
apparatus; the method comprising the steps of: 

generating a colour value corresponding to one 
set of input colour data items from a target col- 
our characteristic description table (1) which 
stores the relationship between input colour da- 
ta of the target colour output apparatus and the 
colour value of a colour output therefrom, 
generating, from a reproduction colour charac- 
teristic description table (2) which stores the re- 
lationship between input colour data of the re- 
production colour output apparatus and the col- 
.. our value of a colour output therefrom, colour 
values that correspond to data obtained by con- 
verting the data value of the input data to black 
data value corresponding to the reproduction 20 
colour output apparatus and other irtpur data, 
and 

determining an optimum value of the colour val- 
ues from the reproduction colour characteristic 
description table that correspond to the colour 3S 
value from the target colour characteristic de- 
scription table, thereby producing a colour con- 
version table. 
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reference table (9). 

A colour conversion table production method 
claimed in claim 9, characterised in that the conver- 
sion reference table (9) is produced from a black 
data value obtained using a GCR technique in print- 
ing from the amount of ink with respect to cyan, ma- 
genta, yellow and black data values corresponding 
to the reproduction colour output apparatus. 



7. A colour conversion table production method as 40 
claimed in claim 6, characterised in that the data 
value conversion is performed by converting data 
values of black data of the input data by referring to 
a one-dimensional conversion reference table (9). 

4S 

3. A colour conversion table production method as 
claimed in claim 7, characterised in that the conver- 
sion reference table (9) is produced from the colour 
values of black colour data corresponding to the tar- 
get colour output apparatus and the colour values so 
of black colour data corresponding to the reproduc- 
tion colour output apparatus. 

». A colour conversion table production method as 
claimed in claim 6, characterised by the use of data S3 
value conversion means (3) to convert cyan,- ma- 
genta, yellow and black input data to black data val- 
ues by referring to a four<iimensional conversion 
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